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(54) MANUFACTURE OF LIGHT GUIDE TYPE DIFFRACTION GRATING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 
manufacturing method for an optical fiber type 
diffraction grating which can adjust the angle between 
the direction of grating stripes and the axial direction of 
a light guide with high precision. 

SOLUTION: The light guide of a glass material which 
varies in refractive index by being irradiated with light is 
irradiated with interference light of specific wavelength 
emitted by a light irradiating mechanism to manufacture 
the light guide type diffraction grating which varies in 
the refractive index of the core at the irradiated part 
periodically along the core axis. In this case, a 
projection plate 3 is arranged opposite the light 
irradiating mechanism across the light guide, which is 
irradiated with two pieces of luminous flux forming 
interference light; and two light guide images 5-1 and 
5-2 are projected on the projection plate 3 and the 
angle 0 between the line connecting the two images 5-1 
and 5-2 and the axis of the projected light guide image 
5-1 or 5-2 is adjusted. 
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* NOTICES * 
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damages caused by the use 



^Bible for 

this translation. 



LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of manufacturing the optical waveguide mold diffraction grating from 
which the interference light of the predetermined wavelength discharged from the optical 
exposure device is irradiated, and the refractive index of the core of the exposure section 
changes to the optical waveguide of the glass ingredient from which a refractive index changes 
by irradiating light periodically at core shaft orientations The manufacture approach of the 
optical waveguide mold diffraction grating characterized by having the adjustment process 
which adjusts the relative position of said optical waveguide and said optical exposure device so 
that the include angle theta which the normal and said core shaft of an interference fringe of 
the refractive index formed in said core section make may become below a predetermined 
value. 

[Claim 2] A projection plate is arranged at said optical exposure device and an optical exposure 
device, and the side that counters so that said optical waveguide may be inserted, and said 
adjustment process irradiates the light of the 2 flux of lights which form said interference light 
at said optical waveguide. The manufacture approach of the optical waveguide mold diffraction 
grating according to claim 1 characterized by being the process which adjusts the include angle 
theta which the line which is made to project two optical waveguide images and ties said two 
images on a projection plate, and said projected shaft of an optical waveguide image make. 
[Claim 3] The manufacture approach of the optical waveguide mold diffraction grating according 
to claim 1 characterized by adjusting so that said include angle theta may become 1.0 degrees 
or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of an optical 
waveguide mold diffraction grating that the refractive index of a core changes periodically in 
accordance with an optical axis. 
[0002] 

[Description of the Prior Art] In recent years, with progress of an optic fiber communication 
technique, network complication, multiplexing of signal wave length, etc. advance, and a system 
configuration is developed. The importance of an optical circuit element is increasing in such an 
optical transmission system. 

[0003] The fiber mold component as one of the general configurations in an optical circuit 
element is small, and it has advantages, like that an insertion loss is small and connection with 
an optical fiber is easy. And the fiber mold filter is known as such a fiber mold component. 
[0004] Recently, the knowledge that the refractive index of the core section will change to the 
optical fiber which doped the germanium dioxide in the core section if ultraviolet radiation is 
irradiated is common knowledge, and the optical fiber mold diffraction grating is developed as a 
fiber mold filter using such an optical induction refractive-index change. 

[0005] This optical fiber mold diffraction grating reflects the optical part of specific wavelength 
among the light which advances the inside of an optical fiber, and is manufactured by generally 
forming the field where the refractive index changed with the exposures of ultraviolet radiation 
to the core section of an optical fiber periodically in accordance with the optical axis. 
[0006] 

[Problem(s) to be Solved by the Invention] by the way, the optical fiber which has such a 
diffraction grating — the base of specific wavelength — although Bragg reflection of the mode 
is carried out, it is checked that loss by clad leakage of propagation light arises in a short 
wavelength field from the reflected wave length band (Electronics Letters, 28th April 1994, 730- 
732). 

[0007] Since a part of signal light which spreads the inside of an optical fiber is changed into 
the higher mode in the field which forms the diffraction grating, it spreads as clad mode and is 
revealed to the exterior, the loss produced in this short wavelength side is generated. 
[0008] And it is becoming clear that it is greatly dependent on the include angle theta of the 
plaid of a diffraction grating to the shaft orientations of an optical fiber and the direction of a 
right angle to make as the loss produced in a short wavelength side is shown in drawing 5 . 
However, it is difficult to check, while manufacturing the direction of the plaid of a phase 
grating, and it was not able to adjust the direction of a phase grating correctly. 
[0009] Then, the purpose of this invention offers the manufacture approach of an optical fiber 
mold diffraction grating that the include angle theta of the direction of plaid and the shaft 
orientations of optical waveguide to make can be adjusted with high precision. 
[0010] 

[Means for Solving the Problem] The manufacture approach of the optical fiber mold diffraction 
grating concerning this invention The interference light which becomes the optical waveguide of 
the glass ingredient from which a refractive index changes by irradiating the light of the 
predetermined wavelength discharged from the optical exposure device from the light of 
predetermined wavelength is irradiated. In the approach of manufacturing the optical waveguide 
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mold diffraction grating from which the refractive index of the core of the exposure section 
changes to core shaft oa^fcations periodically It is the approach characterized by having the 
adjustment process whi J^fjusts the relative position of optical w^^uide and an optical 
exposure device so that the include angle theta which the normal aWfcore shaft of an 
interference fringe of the refractive index formed in the core section make may become below a 
predetermined value. 

[0011] Furthermore, the adjustment process in this invention is the process which adjusts the 
include angle theta which the line which a projection plate is arranged at an optical exposure 
device and an optical exposure device, and the side that counters so that optical waveguide 
may be inserted, and irradiates the light of the 2 flux of lights which form an interference light 
at optical waveguide, is made to project two optical waveguide images on a projection plate, and 
ties two images, and the shaft of the projected optical waveguide image make. Face irradiating 
the interference fringe of predetermined wavelength like ultraviolet radiation at the core 
section, and changing the refractive index of a core, and a phase grating etc. is made to pass 
ultraviolet radiation, and since optical waveguide is made to penetrate the flux of light by which 
the spectrum was carried out to the 2-way, the image of optical waveguide can be made to 
expand and project according to this invention. Since the image of optical waveguide is 
projected in the plaid and the direction of a right angle of a phase grating at this time, by 
measuring the include angle theta of the direction to which the image of two optical waveguides 
is connected, and the shaft orientations of an optical waveguide image, the direction of the 
interference fringe to the direction of an optical axis of optical waveguide can be measured 
correctly, and can be adjusted. 

[0012] Moreover, generating of the higher mode can be effectively controlled by adjusting the 

include angle theta in this invention to 1.0 degrees or less. 

[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of the operation in connection with the 
manufacture approach of an optical waveguide mold diffraction grating is explained to a detail, 
referring to an accompanying drawing. In addition, in explanation of a drawing, the same sign is 
given to the same element, and the overlapping explanation is omitted. 

[0014] It explains referring to drawing 1 and drawing 2 about the approach of first using a phase 
grating and manufacturing an optical waveguide mold diffraction grating. Drawing 1 is the block 
diagram of the manufacturing installation for producing an optical waveguide mold diffraction 
grating, and drawing 2 is drawing explaining the manufacture approach. In drawing, 1 , the optical 
fiber 1 which has the core which uses as a principal component Si02 by which Ge02 was doped 
by shaft orientations at homogeneity is arranged on the projection plate 3, a phase grating 2 is 
arranged at parallel right above [ of an optical fiber 1 ], respectively, and ultraviolet radiation 4 
is irradiated from the upper part of a phase grating 2. 

[0015] When ultraviolet radiation 4 passes a phase grating 2 in forming a diffraction grating in 
the core of an optical fiber 1 by the manufacturing installation of drawing 1 , the flux of light 4-1 
which ultraviolet radiation 4 was divided into the plaid 6 of a phase grating 2, the flux of light 4- 
1 which advances in the direction of a right angle, and 4-2 two, and was divided, and 4-2 
penetrate an optical fiber 1, respectively, and reach the projection plate 3. 

[0016] If plaid 6 inclines and is arranged to the shaft of an optical fiber 1, since the flux of light 
4-1 and 4-2 will advance in plaid 6 and the direction of a right angle, two optical fiber images 5- 
1 and 5-2 appear at both sides on both sides of the visible-ray fiber image 1-0 in gray thinly, as 
shown in drawing 2 (a). Here, the optical fiber image 5-1 and 5-2 are the optical fiber image 1-1 
and an image which consists of the diffracted light 6-1 and 6-2 1-2 and around it. 
[0017] Thus, if a phase grating 2 is rotated in the horizontal plane on an optical fiber 1 when the 
optical fiber image 5-1 and 5-2 separate from a medial axis and are projected, as shown in 
drawing 2 (b), two optical fiber images 5-1 and 5-2 can be moved on the shaft of the optical 
fiber image 1-0. Thus, by adjusting, between an optical fiber 1 and a phase grating 2, the 
interference light formed of the flux of light 4-1 and the flux of light 4-2 serves as shaft 
orientations of an optical fiber 1, and an abbreviation right angle, and can form a diffraction 
grating in a core shaft and a right angle. By this approach, it can also adjust to the include angle 
theta of a request of the physical relationship of an interference fringe and the shaft 
orientations of an optical fiber 1 easily. 

[0018] Moreover, two images projected on the projection plate 3 are expanded in proportion to 
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the distance between an optical fiber 1 and the projection plate 3. The visibility of the image 
expanded using uitraviol^^diation with sufficient linearity at this time or by making the front 
face of the projection pll06 white can be raised. Moreover, a the^^paper can be placed on 
the projection plate 3, an optical waveguide image can be photoed.^TO the location can also be 
measured correctly. 

[0019] The include angle theta with the shaft orientations of the optical fiber image 1-0 to the 
direction which ties the optical fiber image 5-1 and the optical fiber image 5-2 to make is 
theta=tan -1 (L1/L2). 
It is come out and expressed. 

[0020] If, as for an include angle theta, the plaid 6 of a diffraction grating 2 and the shaft of an 
optical fiber 1 become a right angle, it will become zero and two optical fiber images 5-1 and 5- 
2 will be projected on the optical axis of the optical fiber image 1-0. 
[0021] Drawing 3 is drawing showing the concrete configuration of this manufacturing 
installation which used the phase grating, and shows a side elevation (a) and a top view (b). A 
phase grating 2 is attached in the core of the disc-like holder 13, and the holder 13 is formed in 
the direction of an arrow head 15 free [ rotation ] on the frame 1 1. The frame 1 1 and the 
optical fiber 1 are being fixed to the stanchion 12. 

[0022] If incidence of the ultraviolet radiation 4 is carried out to a phase grating 2 in forming a 
diffraction grating in the core of an optical fiber 1 using the manufacturing installation of 
drawing 3 , as shown in drawing 4 , the optical fiber image 5-1 and 5-2 will be projected on the 
both sides of the optical fiber image 1-0. In this case, a holder 13 is rotated in the direction of 
an arrow head 15, the optical fiber image 5-1 and 5-2 are moved on the shaft of the optical 
fiber image 5-0, and ultraviolet radiation is irradiated, after adjusting so that the interference 
fringe of ultraviolet radiation may become an optical fiber shaft and a right angle. 
[0023] Next, this invention persons produced the optical fiber at the time of changing the 
include angle theta of the normal of an interference fringe, and the core shaft 8 to make, as 
shown in drawing 5 in order to check the effect of [ on a transmission characteristic when an 
optical waveguide mold diffraction grating inclines with an optical fiber shaft ]. 
[0024] First, the manufacture approach of these optical fibers is shown. While Ge02 drew a line 
on shaft orientations in the glass fiber which prepared the clad with a diameter of 125 
micrometers which uses Si02 as a principal component in the periphery of a core with a 
diameter of 8 micrometers which uses as a principal component Si02 doped by homogeneity, 
and a core, the optical fiber which gave resin was produced. This optical fiber was left for two 
weeks in the ambient atmosphere of the temperature of 25 degrees C t and hydrogen gas 100 
atmospheric pressure, hydrogen was pressed fit in the optical fiber, and refractive-index change 
by the exposure of ultraviolet radiation was enlarged. 

[0025] Next, how to form a diffraction grating in the optical fiber which pressed hydrogen fit is 
explained. Drawing 6 is the block diagram of the equipment which forms a diffraction grating 
using a phase grating, arranges a phase grating 2 right above [ of the optical fiber 1 which uses 
as a principal component Si02 which doped Ge02 to homogeneity at shaft orientations ], and 
irradiates ultraviolet radiation from the upper part of a phase grating 2. The grid is making 
ultraviolet radiation 4 irradiate and interfere in the direction of a normal of the front face of the 
phase grating 2 arranged by predetermined spacing lambda'. Therefore, the spacing lambda of 
the interference fringe in a core 9 is set to lambda=lambda ' / 2. Therefore, since the 
interference fringe which has a different refractive index is arranged by the shaft orientations of 
a core 9 by making spacing lambdaV2 into a period, a diffraction grating 10 will be formed in the 
exposure field of the core section 9. 

[0026] Based on Bragg's diffraction conditions, reflected wave length lambdaR of this diffraction 
grating becomes lambdaR= 2n lambda=n lambda 1 using the refractive index n of the core section 
9, and the period lambda of a grid 10. 

[0027] Moreover, die-length L of a grid 10 and refractive-index difference deltan are used, and 
the reflection factor R of this optical fiber mold diffraction grating is R=tanh2 
(Lpideltan/lambdaR). 
It becomes. 

[0028] Next, it formed by the manufacturing installation of drawing 1 using the optical fiber by 
which hydrotreating was carried out about the case where the include angle theta of a 
diffraction grating becomes 0 degree, 0.17 degrees, 0.42 degrees, 0.85 degrees, and 1.70 
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degrees. An exposure beam is fabricated for the light source of the used ultraviolet radiation by 
20mmx8mm using KrF e>^^er laser, and power reinforcement is 2 50jn J/cm2. 
[0029] Thus, transparen^Bbectral characteristics were measured^^Jt the produced optical 
waveguide mold diffraction grating. The example of representation i^Wown in drawing 7 - 
drawing 9 among the measured properties. Tending to carry out the increment in monotone of 
the loss produced in a short wavelength side from Bragg reflection wavelength was checked as 
the include angle theta became large. From these measurement results, the relation between an 
include angle theta and the peak value of loss by the side of short wavelength is shown in 
drawing 9 . This graph shows that the inclination of an include angle theta can control most 
increments in loss generated in a short wavelength side by producing 1.0 degrees or less at 0.5 
degrees or less desirably. 

[0030] Drawing 1 1 is the block diagram of the manufacturing installation in the case of forming 
an optical waveguide mold diffraction grating using a beam splitter. In this drawing, 2 ****s of 
the ultraviolet radiation by which outgoing radiation was carried out from the light source 20 are 
carried out by the beam splitter 21, each ultraviolet radiation divided into two is made to 
interfere by two mirrors 22, and forms the interference space 24, an optical fiber 1 is installed 
in this interference space 24, and the projection plate 3 is arranged under the optical fiber 1. 
[0031] In this equipment, the interference device 23 which consists of two mirrors 22 arranged 
so that a beam splitter 21 and a beam splitter 21 may be inserted corresponds with the phase 
grating 2 shown in drawing 1 , and other configurations are the same configurations as drawin g 

I . " ~ ~ 

[0032] Therefore, in forming a diffraction grating by the manufacturing installation of drawin g 

II , as shown in drawing 1 2 , the optical fiber image 5-1 and 5-2 are left and projected on the 
both sides of the optical fiber image 1-0 by the ultraviolet radiation by which outgoing radiation 
was carried out from the light source 20. In such a case, by rotating and adjusting the 
interference device 23 in the direction of an arrow head 25, the optical fiber image 5-1 and 5-2 
can be moved on the shaft of the optical fiber image 1-0, and an interference fringe can be 
adjusted to a core shaft and a right angle. 

[0033] In this invention, the wavelength of the light source in the case of adjusting the relative 
position of optical waveguide and an optical exposure device (the ultraviolet radiation 4 in 
drawing 1 , a phase grating 2, or the light source 20 and the interference device 23 in drawing 
H is said.) so that the include angle theta which the normal and core shaft of an interference 
fringe of the refractive index formed in the core section make may serve as a predetermined 
value is not limited, and anything is possible for it. When ultraviolet radiation adjusts, since a 
diffraction grating can be formed by the ultraviolet radiation of the same wavelength, it is the 
most desirable. 
[0034] 

[Effect of the Invention] As explained above, the manufacture approach of the optical 
waveguide mold diffraction grating concerning this invention adjusts the direction of an optical 
exposure device so that two optical waveguide images first projected on the projection plate 
may be come to a predetermined location, and ultraviolet radiation is irradiated, and since it 
carries out refractive-index change, it can form the direction of a diffraction grating correctly. 
By performing such adjustment, the loss generated in a short wavelength field from a Bragg 
reflection band can be controlled. 
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* NOTICES * 

JPO and NCIPI are not re^ P i b le for any 

damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the manufacturing installation for forming the optical 
waveguide mold diffraction grating concerning this operation gestalt. 

[Drawing 2] It is drawing explaining how to form an optical waveguide mold diffraction grating by 
the manufacturing installation shown in drawin g 1 . 

[Drawing 3] It is the side elevation (a) and top view (b) showing the concrete configuration of 
the manufacturing installation concerning this operation gestalt. 

[Drawing 4] It is drawing explaining how to form an optical waveguide mold diffraction grating 
with the equipment shown in drawing 3 . 

[Drawing 5] It is drawing showing the configuration of a diffraction grating. 

[Drawing 6] It is the block diagram of the equipment which forms an optical waveguide mold 

diffraction grating by the phase grating. 

[Drawing 7] It is the graph which shows the example of measurement of the transparency 
spectrum by the optical waveguide mold diffraction grating. 

[Drawing 8] It is the graph which shows the example of measurement of the transparency 
spectrum by other optical waveguide mold diffraction gratings. 

[Drawing 9] It is the graph which shows the example of measurement of the transparency 
spectrum by other optical waveguide mold diffraction gratings. 

[Dra wing 10] It is the graph which shows the relation between the tilt angle theta and loss of a 
short wavelength region. 

[Drawing 1 1] It is drawing showing the configuration of other manufacturing installations for 
forming the optical waveguide mold diffraction grating concerning this operation gestalt. 
[Drawing 12] It is drawing explaining how to form an optical waveguide mold diffraction grating 
by the manufacturing installation shown in drawing 1 1 . 
[Description of Notations] 

1 ... an optical fiber and 2 ... a phase grating and 3 ... a projection plate and 4 ... ultraviolet 
radiation and 5 ... an optical waveguide image and 6 ... plaid and 7 ... the direction of plaid, and 
8 ... the shaft orientations of a core, and 9 ... a core and 10 ... a diffraction grating and 1 1 ... - 
- a frame and 12 ... — a stanchion and 13 ... a holder, and 14 and 15 — ... an arrow head (hand 
of cut) and 20 — ... — the light source and 21 — ... — a beam splitter and 22 — ... — a mirror 
and 23 — ... — an interference device and 24 — ... — interference space and 25 — ... an 
arrow head (hand of cut) 
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[Drawing 4] 
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[Drawing 1 1 ] 
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[Drawing 9] 
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